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Massive stars (MZAMS ^ 3 0 MQ) develop during their observable hydrostatic evolutionary phases 
— i.e. central H- and He-burning — three different large scale convective zones, which are: 1) The 
H-burning convective core, 2) the intermediate convective shell (ICZ) above the hydrogen shell 
source, which forms at t ime of hydrogen exhaustion, and 3) the He-burning convective core. The 
spatial extent of these convective regions, wherein the chemical s tructure is rapidly homogenised, 
can be predicted from theory only with a large uncertainty. Different assumptions on the efficiency 
of these mixing processes in stellar evolution calculations lead to quite different evolutionary pictu
res for massive stars , especially regarding their Wolf-Rayet (WR) phases. On the other side, many 
observational da ta concerning W R stars became available in recent years. For this reason, we 
a t tempt to perform a comparison of theoretical evolutionary sequences with observed properties of 
W R stars in order to derive restrictions on the efficiency of the three mixing processes mentioned 
above. 

1) Effects of greatly enlarged H-burning convective cores are (cf. Langer and El Eid, 1986; Prantzos 
et a l , 1986): 

• A reduced width of the main sequence band and the avoidance of the domain of the Luminous 
Blue Variables (LBVs) in the HR diagram. 

• The formation of very massive (luminous) W R stars of types W N E and WC. 

Both points disagree with observations: The observed main sequence width requires only a mode
rate core mass increase (cf. Mermilliod and Maeder, 1986), the LBVs exist, and very massive W N E 
and W C stars are not observed (cf. references in Langer, 1987; Doom, 1987). Evolutionary calcu
lations without overshooting avoid both discrepancies. We conclude that convective overshooting 
is not very efficient in massive H-burning stars, but t ha t the Schwarzschild-criterion may be a fair 
approximation in order to determine the size of the convective core. 

2) To predict the spatial extent of ICZs is especially complicated, since they establish in regions of 
varying mean molecular weight, and the problem of semiconvection is encountered (cf. Langer et 
al., 1983; 1985). Langer (1987) argued, that in order for massive stars to terminate their nuclear 
evolution as a W R star of type WNL, the mass of the ICZ is required to exceed a critical value of 
MJCZ > MwR'Tjit — 10 — 20M@. There are several arguments in favour of massive stars exploding 
as WNL stars: As mentioned above, very massive stars probably do not evolve into W N E or W C 
stars. Furthermore, there exist supernovae (SNe)/SN remnants (SNRs) possibly originating from 
a WNL precursor, the most well known example being Cas A (cf. El Eid and Langer, 1986; Fesen 
et a l , 1987). But also the SNe 1961v (Utrobin, 1984) and 1986j (Rupen et a l , 1987) are suspected 
to originate from very massive precursors which still contain hydrogen in their outer layers, i.e. 
from WNL stars. Therefore we conclude, that the mass of the ICZ in very massive stars exceeds 
10 Me. 

We note tha t hydrogen shell burning and consequently an ICZ in very massive stars develop only 
if convective overshooting during central H-burning is small or negligible. This is an additional 
argument support ing our conclusion of point 1). 

3 ) Convective core overshooting during central He-burning should be much less efficient compared 
to that in the H-burning phase, since mostly during central He-burning the convective core is 

90 

https://doi.org/10.1017/S0252921100093519 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100093519


growing with time, which consequently leads to the formation of a huge molecular weight barrier 
on top of it. 

An enlarged He-burning convective core has two consequences for the WR stages of massive stars: 

• It leads to more extreme surface compositions in WC stars, i.e. to smaller surface helium 
concentrations but higher C- and O-abundances. The surface helium mass fraction Y can be 
roughly estimated to be larger than a certain value, depending on the mass of the convective 
core Mcc: Y > (Mwc — Mcc)/(Mwc • ^He), where Mwc is the mass of the WC star, Mwc its 
average mass loss rate, and rjje its He-burning lifetime. 

• It leads to a larger upper limit for the mass of WC stars. Such limit exists since WR stars of 
higher mass have larger envelope masses Menv = MWR — Mcc and shorter He-burning lifetimes, 
but presumably no larger mass loss rates. The mass limit is determined by Menv(MwR.) — 
MWR - Mcc > MWR • THe-

Concerning the first point, observations are not yet sufficiently accurate in order to draw conclusions 
(cf. Torres, 1987). For the second point, we can conclude at least that no overshooting is consistent 
with observations, since it leads to a maximum mass for WC stars of ~ 60 MQ, which is consistent 
with the absence of very massive WC stars mentioned above (cf. also: Langer and Kiriakidis, 
1988). 

Summary 
• The convective core size in very massive H-burning stars may well be approximated by the 

Schwarzschild criterion. 

• In sufficiently massive stars the extension of the intermediate convection zone exceeds 10 — 20 MQ. 

• The convective core size in massive He-burning stars can hardly be restricted by observations. 
However, the absence of very massive WC stars is consistent with the case of no overshooting at 
all. 

Theoretical evolutionary sequences taking into account the above points lead to the following 
scheme, which is basically consistent with recent papers of Schild and Maeder (1984), Langer 
(1987), and Doom (1987): 
most massive stars —• WNL —> SN 
very massive stars —> WNL —• WCE —• SN 
massive stars -+ WNE -> WCL -» SN 
less massive stars —> WNE —> SN. 
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